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INVESTIGATIONS OF HIGH-FREQUENCY BREAKDOWN
IN GASES OVER A WIDE RANGE OF DECIMETER

WAVE FREQUENCIES - PART I
By G. A. Anashkin

In a series of works, named in references 1_2, 3, 6;7 are described
experiments related to the investigation of high frequency breakdown in
gases with frequencies near and over 3000 Mc in a regime of uggﬁiggggzled
generation.

The theory of high-frequency discharge, worked out for that very
case, is established for pressures under which it is legitimate to
utilize the electron diffusion in the gas representation, with an
accepted breakdown criterion expressing the equilibrium of charged particles
in a stabilized discharge /2 /.

The confrontation or theory with the obtained experimental data Shows
sk 5. good concurrence. Moreover, the minimum breakdown character-
istic takes place when the frequency of electrons and gas atoms collision
is equal to that of the applied field.

The present work is devoted to the investigation of a high-frequency
breakdown in the sair, in the Argon and in the Neon over a wide range of

decimeter waves under continuous generation and to the confrontation of

results obtained with some available high-frequency discharge theories.
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METHOD OF THE EXPERIMENT » 8w
In order to investigate high-frequency breakdowns ma wide
range of gas pressure and field frequencies, resonance characteristics
of short-circuited w line of variable length connected to the

generator were utilized (Fig. 1).

{
Coeanial _
Here C - the coraxial gas discharge section as a component part of a
reconstructed resonance line and bounded by thin polystrene partitions
hermetically sealed by application of vacuum consistent putties. G -

3’ meacert
generator. T - Thermistor ‘@apacity geasurer.
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Two generators of decimeter range were applied: One, operating

on 85 - 30 cm. wavelength range on a metal-ceramic triode performing
at a capacity of up to 22 ; the second, working on a fixed wavelength
of 18.5 cm. on a triode and yielding up to 4O Wok capacity.

With the help of a piston the line was ’eurr::(d/ each time widh bae- tb
w resonance ‘in such a way that the maximum field
intensity corresponded to the center of the gas discharge section. The
position and the value of the maximum was checked by means of a moving

. Wi
probe along the line, connected with a tﬁcrm:sb’f cﬁgae-iby measurer T

Carni 77y
“ half-wave from the middle of the sectioq.

fov ﬁdgﬁ M xt nnt, Eg‘fb
It is known that iy a $ he 3 is
(1)

where Zo - wave impedance of the line in this case equal to 75 obm. The
Co- axial

amplitude of the high-frequency field tension in a co’axial resonator 1is

written as

(2)

are
Where a and { 5, inner and outer radius(.b of the line; ‘é -

an
length of the resonance line; ¥ and Z = radial and axial three-
—_—TTT
dimensional coordinates.
The maximum amplitude of the field intensity in the inner conductor

line is

(3)

——



Formulas (1) and (3) give:

(%)

Formula (4) may also be applied in a certain inner section of the

conductor, as the electric field near the central conductor is not vary-
%\ ing <S¢4u;iﬂ¢7 with the distance, this section being correspondingly
larger for a greater wave-length.
cwe

The thermistor bridge measures that part of the cepaeity which is
branched towards the probe. xx To find the whole eQ;;iiiy in the given
point of the field it is necessary to know the probe's transitional
weakening which is determined by the degree of its setting on the line of
resonance. The generator's eé;:igiy increase is realized by means of
variation of its anode voltage.

The moment of the breakdown corresponds to a sharr deflection of
the thermistor bridge indicator's arrow. Because of the existence ef -

Ty

the statistical delay of discharge ignition, a certain spread of capaeity under

which the breakdown occurs, has been observed.

By means of complementary ionization it was possible to obtain a
YA a4 aly

« = - ~ s s IR - A msmwaad

4 Melheiachive Colgib %/puo(c Was weed Ay Oy, 4w La./u'zcz
by .
(Co™ wits 8.5 nc. ztoﬁn,@ [Laeed ™ a lead mﬂm). 74, Cfoonele

Was ot o distuna 1} 50 im. fram B gao discharge  Co-atias uhm,

The section, whose inner surface was carefully cleaned and polished,

was connected with the vacuum plant. Prior to carrying out the experiments,
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this section was worked by a high frequency discharge with an inert gas
and before its filling with the gas, a vacuum of the order of 10—6 mn - -
© —
vas realized wikh in the plant. Air was used as an electrnipa¥®y-negative
whos¢ < VAT waltn © s
gas,tﬁa“ali&n admixtures such as ggg-g;’oil and putties¥were eliminated

with the help of liquid nitrogen traps; Spectrally pure Argon and Neon

were selected as electropositive gases.

Experimental Results and Their Discussion

Figure 2 represents a series of breakdown characteristics
taken from the electronegative gas - the air. These characteristics entail
a dependence of the breakdown field intensity upon the gas pressure for
different additional field frequencies. The areas of field pressure and
frequencies in which lay the breakdown characteristics correspond to the
transition from multiple collision of electrons with gas atoms for a single
half period of change of a high frequency field to multiple half periods
of change of a high frequency field. ;ﬁj?ﬁf{'f

fhw

Qnu}'

E?%
~ The value of the energy, .gl y

‘-)he field by the electrons

is expressed by the known formuia

Q
\ 2 "
o F 2 (
‘ where F"b - Vi w?r )
N ’/’ E being the effective xkgm }IELZCC/ of field intensity, ii);mtcollision
/y// frequency of electrons with gas atoms; ® _ circular frequency of added”

, — V&
S (-7 ]
")’/’/field, IV - number of electrons per unit of gas volume, and M mass

.
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and the charge of the electrongs this the relation of the discharge

s dimension and the line of electrons' free path is such that it is

legitimate to take advantage of the formulation of electron diffusion in

the gas. The breakdown conditions in similar cases appear to be

tantamount to the condition ofEéIEET%ggggaﬁzgﬁgg;tion . th Pher wWhrds,

Weceases
&8s, the Exz equality of electron's number "n" #mexement by way of

ionizatiga{per second and £AEFr decreases by means of diffusion, but in
case of @n electronegative gas, also by way of capture of electroq;by
gas molecules with a formation of negative ions during the same lapse

of time. /2 7/ That is why the course of every breakdown characteristic
may be explained in the following manner.

For the area of high pressure[}be right side of the breakdown
characteristic E={(Ib)jand as the pressure decreases/ less intensity
is required for the compensation of the electrons' decrease at the
expense of the electronegative ions 'formation and di?fusion because,
above all, and in accordance with (5) electrons pi:;:;;t a greater energy
from the field and the intensity of the ionization increases.

The breakdown characteristic minimum Eu:f{f) corresponds to the
greater energy transfer from the field to the electron, while, at the
same time, the required field intensity for the breakdown is at a
minimum. According to (5) this corresponds to the condition of the
transition (i.e., Veu ) which is experimentally confirmed in the given

e
case.,
For the area of low pressures (left side of the breakdown charac-

teristic E = f (p) the field intensity increase with the lowering

of pressure corresponds to & decrease of energy acquired from the field.
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The series of characteristics observed for Argon and Neon follow
the same course. Figure 3 shows that for the minimum of E = f (p)
taken for various gases with different frequencies, the breakdown intensity,
and the pressures corresponding to those minima; are linked by‘the same
linear dependence.’

The angle of incidence of the straight lines expressing this
dependence for different gases is about the same.

The degree of ionization and also the energy acquired by the electron
from the high-frequency field along the length of the free path, deter-
mine the external Jﬁ;ﬁk& of the discharge which could be observed by
cutting a longitudinal slot in the section and then covering it by glass

with the help of & vacuum tight putty.

Cxteur
For lowering pressures, when the &é#wme-of the electrons' free path
%Y A el

is of the same order Hmem the gas discharge %/ the discharge coepketwis
covers itfand has in this case, a relatively hoﬁogenous glow.
: the discharge ondowal
As the pressure 1ncreases]§f§64€5;€}ing completely the gep, ties

itself up to the central conductor with a heterogenous glow and a brighter
discharge within the area of greater field intensity. With the increase
of field intensity the glow heterogenity becgﬁe more apparent. For the
calculation of the breakdown field intensity it is necessary to know the

value of the ionization rate at a high frequency §f as a function of t{k

and of field frequency [y , 1.ed, [ﬁ//o, /O/\) 7
\’—'-.-"“‘“ rorpter a7 PENE -
where pP = gas pressure and ) = wavelength in the free space. With

L_.—"
the help of known methods the solution of the equation expressing the
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breakdown conditions and the detailed calculation technique of bresk-
- Lkial
down field intensity in case of heterogenous field of a g%axi&l resonator
/[ 2/, was written by confronting the breakdown characteristics takenggh
o Tor Argon on 1620 Mc fre-
quency with the diffusion theory within the limits of its applicability.
The ionization rate 14 was calculated on the basis of theoretical
‘—/ .
" he
data by Kihara /4 7 who deduced from im$), form of the
Svor
function expressing the electron distribution igsesik high frequency
energies by means of a solution of Boltzmann's kinetic equation. At

the same time he took into account elastic and non-elastic electron col-

lisions with the given gzx#x gas' particles, proceeding from experi-

)
mental data for an effective n""""'i"'.\ESSEEPH‘

Figure 4, putting to use Kihara's formula, shows the coefficient g

ey

as a function of the relation f?&’ with different values for/b) (where
——————~
A comparison of the experimental and the theoretical breakdown
intensity is shown by a curve on Fig. 5, from whicg, it may be seen
Keo place
that in the low pressure area, a quantitative divergence[as a xmukxx result

des h
of thefdiffusion regime diswemdion MEMZRizze. For the latter it is

indispensable that the length of the electron free path be sufficiently
uwAowal -

small in comparison with the length of the discharge #g. A sufficiently

close conformity of the theory with the practical results of the experi-

ment shows that basic processes being used for the development of break-

down in the given case appear to be the increase of electrons by way

of lonization and their moving away by means of diffusion on the section's

wall.
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electronegative gas with a corresponding transition (assuming the pulse
§} duration }L —> 00~ ) leads to expressions which could be confronted
with the results obtained in the course of?gontinuous generation.

Posin uses as & breakdown criterion the condition that during the
lapse of time of pulse xxtﬁ4Mw5i+fh¢ ; the concentration of electrons
would increase to a sufficiently great s&%ﬁ.

The solution or the equation expressing the electron concentration
variation during the time which leads to the expression of the effective

value of the high frequency field intensity

(0)

6

constitutes the foundation of the theory. Here A = 4.10° P = pressure

in mm. ; B0 = probability of electron K adhesion to molecule € with

formation of a negative ion per time unit and with gas pressure of linau-.

m, € - circular frequency of the m‘t field g - friction factory of
electrons with gas molecules. .

Figure 6 represents the confrontation of experimental breakdown
curves on 1620 and 665 Mc frequencies with formula (6). It shows that:
First, with increased pressures there is a relative correspondence between
theory and practice, and Second, that with pressure lowering the quanti-

tative L., | is applicable. ™

m “ T
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The good agreement of the diffusion theory with experiments [ 2_7
and the failure of Posin's theory in case of low pressures, show that
in this case the condition of transition to a continuous generation
( /l/ ~» oo ) and the non-taking stock of theories of electron
decrease at the expense of diffusion does not appear to be substan-
tiated. [ov (s Witheut foundatm ")

It should also be pointed out that ®a circular field frequency @ s
Fieateencsy Y ——

nearer the collision o;'a electron & with gas molecules REESENE—TT

et v mpiled )
the relation (6) akbemgether-canno f be oewdmented with the experiment

because it leads to infinitely large values of breakdown field intensity.
The author expresses his thanks to Prof. H. A. Kaptzo¥ for smm The

assistance rendered in carrying out this work.




